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ABSTRACT 


In  1960  blood  pressures  were  obtained  on  106  active  and  retired  military  subjects 
on  whom  the  cold  pressor  test  had  been  performed  in  1040.  These  blood  pressures 
and  the  cold  pressor  index  (rise  in  systolic  blood  pressure,  millimeters  of  mercury)  were 
analysed  for  predictability  of  future  hypertension  from  the  index.  The  mean  index  of 
the  11  who  b^me  hypertensive  was  significantly  larger  than  the  mean  index  of  the  51, 
of  comparable  age,  S6  years  and  older,  who  remained  normotensive.  Statistical  associa¬ 
tion  was  found  between  hyperreaction  (using  a  cutting  point  of  10  mm.  Hg)  and 
hypertension;  however,  the  accuracy  of  prediction  is  not  good  Thus  the  test  as  defined 
is  not  recommended  as  a  predictor  of  future  hypertension. 

An  average  increase  in  diastolic  blood  pressure  of  about  7  mm.  Hg  every  20  years 
was  observed  cross-sectionally  in  1940  snd  longitudinally. 


This  technical  doeummitary  report  has  been  reviewed  and  is  approved. 


ROBERT  B.  PitfME 
Colond,  USAF,  M  SC 
Chief,  Operations  Division 


(OID  KESSM  TEST- A  20-YEAR  FOUOWUR  HUDY  OF  123  SUtiCTS 


1.  INTRODUCTION 

In  1960,  Armstrong:  and  Rafferty  (1) 
published  a  seven-year  followup  of  Air  Force 
officers  on  whom  the  cold  pressor  test  was 
performed  in  1940,  according  to  the  Hines  and 
Brown  techpic  (2) .  Since  the  test  is  still  being 
appraised,  a  20-year  followup  of  available 
subjects  from  Armstrong’s  original  group 
seemed  appropriate. 

Our  data  are  pertinent  to  Hines’s  (3) 
statement  that  “the  evidence  is  reasonably  good 
that  a  person  with  vascular  hyporeactivity 
'will  not  have  essential  hypertension  within 
10  or  20  years.  On  the  other  hand,  it  is 
purely  speculative  whether  a  person  who  is 
a  vascular  hyperreactor  will  have  essential 
hypertension  later  in  life,  although  his  chances 
seem  considerably  greater  than  those  of  the 
hyporeactor.’’  But,  he  also  wrote  in  the  same 
paper:  “The  general  use  of  the  cold-piessor 
test  to  predict  the  future  development  of  hyper¬ 
tension  has  not  been  advocated  by  me.” 

Hines  and  co-workers  have  used  various 
criteria  for  a  positive  reaction  to  the  cold 
pressor  test.  In  1940,  the  criteria  for  hyper¬ 
reactors  were  a  pressure  rise  of  21  mm.  Hg 
systolic  or  16  mm.  Hg  diastolic,  or  both  (4). 
In  1961,  the  criterion  was  in  terms  of  diastolic 
pressure  rise  alone:  hyporeactors,  9  mm.  Hg 
or  less;  normoreactors,  10  to  20  mm.  Hg;  and 
hyperreactors,  21  mm.  Hg  or  more  (3).  In  1956, 
those  subjects  whose  maximal  diastolic  blood 
pressures  during  the  cold  pressor  test  exceeded 
84  mm.  Hg  were  categorized  as  hyperreactors 
(6).  Further,  those  whose  maximal  diastolic 
pressure  did  not  exceed  84  mm.  Hg  were  sep¬ 
arated  into  two  groups:  those  with  rise  in 
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pressure  of  less  than  15  mm.  Hg  and  those 
with  rise  of  16  mm.  Hg  or  more.  Although 
subjects  with  a  reaction  of  less  than  86  mm.  Hg 
were  separated  into  two  groups,  the  groups 
were  not  thought  to  differ  in  proneness  to 
develop  hypertension. 

For  a  review  of  cold  pressor  literature 
through  1960,  the  reader  is  referred  to  Wolff 
(6).  More  recent  concepts  concerning  the  role 
of  increased  cardiac  output  and  the  patterns 
of  peripheral  va.soconstriction  in  hypertensives 
and  normotensives  in  cold  pressor  mechanisms 
are  discussed  by  Boyer  et  al.  (8)  and  Brod  (9). 

2.  PROCEDURES 

Cold  pressor  tests  using  Hines’s  technics 
were  carried  out  on  flying  and  nonflying  offi¬ 
cers  at  Wright  Field  in  1940.  The  cold  pressor 
index  employed  was  a  rise  in  systolic  blood 
pressure.  No  diastolic  response  to  the  test 
was  recorded. 

Owing  to  the  difficulty  of  tracing  people 
during  World  War  II,  it  was  arbitrarily  decided 
that  for  this  study,  of  the  men  tested  in  1940 
and  reported  on  in  1947,  only  those  listed  in 
the  1947  military  registers  either  in  active  duty 
or  retired  status,  would  be  followed.  The 
number  of  persons  satisfying  these  criteria  was 
126.  Two  of  these  had  severed  their  military 
connection  between  1947  and  1960  and  could 
not  be  located  through  military  records.  'This 
left  123  subjects  available  for  followup  in  1960. 
Letters  were  sent  to  the  living,  requesting 
from  them:  three  recent  blood  pressure  read¬ 
ings,  information  concerning  elevated  blood 
pressures  in  the  past,  and  antihypertensive 
medication,  if  any.  For  those  who  had  died, 
records  of  the  terminal  hospitalization  were 
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reviewed  when  avaiUUe.  and  the  death  certifi¬ 
cates  were  noted  for  any  reference  to  hyper¬ 
tension  and  its  related  complications.  Six  of 
those  reported  as  living,  aeeordinK  to  current 
retiranent  and  active  duty  records,  did  not 
reply. 

For  purposes  of  this  report,  a  mean  blood 
pcesaure  of  lSO/92  mm.  Hg  or  less  was  con- 
sidoed  to  be  normal.  AD  of  the  123  subjects 
had  normal  blood  pressure  readings  in  1940. 
Thw  systoHc  cold  pressor  indexes  ranged  from 
1  to  80. 

3.  RESULTS 

Table  1  gives  for  the  123  subjects  fidlowed 
the  number  and  porcentage  of  the  numbers  in 
each  1940  systolic  index  group  according  to 
whether  dead  or  living  in  1960;  if  living  and 
if  they  replied,  whether  normotensive  or  hyper¬ 
tensive.  Among  the  11  living  hypertensives, 
6  currently  required  antihypertensive  medica¬ 
tion.  Of  the  remaining  5  subjects,  1  was 
being  evaluated  prior  to  therapy. 

Two  subjects  (indexes  of  3  and  10)  were 
classified  normotensive  though  1  of  3  blood 
pressures  was  elevated.  Only  5  subjects  had 
an  index  of  21  or  greater. 


One  of  the  11  who  died  was  hypertensive. 
His  index  was  16.  Since  those  dying  might  not 
have  lived  l(Hig  enough  to  develop  hypertenskm, 
further  discussion  wiU  be  limited  to  those  alive 
and  followed  for  20  years.  A.total  of  106  sub¬ 
jects  satisfied  both  of  these  criteria. 

Table  II  presents  data  on  these  106  subjects 
giving  means  and  ranges  of  the  1940  index  and 
diastolic  blood  imnsure,  and  differences  be¬ 
tween  1960  and  1940  diastolic  Mood  pressure 
of  subjects  within  age  and  rnmnotensive  and 
hsrpertensive  groups.  AD  hypertensives  in  1960 
were  35  years  or  older  in  1940.  Within  age 
groups,  the  hypertensives  had  slightly  higher 
index  means.  Further,  there  is  some  indication 
that  the  diastolic  pressure  in  1940  of  hjrper- 
tensives  was  higher  than  that  for  nomwten- 
sives  of  comparable  age. 

Table  III  presents  data  on  the  106  subjects 
giving  means  and  ranges  of  the  1940  age  and 
diasttdic  blood  inressure,  and  difforenees  be¬ 
tween  1960  and  1940  diastolic  blood  inressure, 
within  index  and  murmotensive  and  hypertoi- 
sive  groups.  It  should  be  noted  that  diast<^c 
blood  {Measure  and  index  value  afifiear  to  be 
uncorrelated.  Further,  it  should  be  obs«ved 
that  the  mean  age  of  hypertensives  is  6.8  years 
greater  than  that  of  the  mnmotaisives. 
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4.  DISCUSSION 

Criteria  for  significance  of  reactivity  have 
varied  as  data  and  experience  have  accumulated 
(2, 3, 4) .  Cold  pressor  indexes  have  been  based 
on  change  in  blood  pressure  as  well  as  level  of 
blood  pressure.  An  index  based  on  level  of 
blood  pressure  attained  would  generally  not 
give  the  same  rank-ordering  of  subjects  as  an 
index  based  on  change.  Thus  some  subjects  who 
would  never  be  considered  a  hyperreactor  under 
a  change  criterion  would  be  considered  a  hyper¬ 
reactor  under  a  level  criterion  and  vice  versa. 
Such  changes  have  been  studied  in  normoten- 
sives  and  hypertensives. 

The  purpose  of  such  a  study  as  this  one 
is  to  delineate  in  retrospect  differences  between 
those  who  developed  hypertension  and  those 
who  remained  normotensive.  In  particular, 
it  was  to  determine  if  an  individual's  response 
to  cold,  irrespective  of  the  mechanism,  did  re¬ 
late  to  his  propensity  to  future  hypertension. 

A  change  index  (difference  between  sys¬ 
tolic  pressure  at  rest  and  maximum  systolic 
pressure  during  cold  exposure)  was  employed 
in  this  study.  Various  cutoff  points  for  the 
blood  pressure  change  were  used  to  define 
hyperreactors.  Varying  the  cutoff  point  re¬ 
defined  hyperreactors,  but  left  subjects  in  the 
same  rank  order.  Unfortunately,  the  maximum 
diastolic  pressures  were  not  collected  in  1940 
on  the  subjects  of  this  study  so  that  none  of 
the  indexes  based  on  maximum  diastolic  pres¬ 
sure  can  be  checked  for  their  predictability  of 
hypertension. 

Hines  (4),  in  1940,  found  an  incidence  of 
15%  hyperreactors  in  his  population  of  normal 
subjects  when  he  used  the  criteria  of  a  21  mm. 
Hg  rise  in  systolic  pressure  or  a  16  mm.  Hg 
rise  in  diastolic  pressure,  or  both.  However,  we 
observed  only  4  hyperreactors  out  of  106  sub¬ 
jects  when  we  used  the  criterion  of  a  rise  of 
21  mm.  Hg  in  systolic  pressure. 

For  the  subjects  of  this  study,  aged  22  to 
54,  there  was  no  noticeable  relationship  between 
cold  pressor  index  and  age.  The  1940  mean 
diastolic  pressure  of  all  subjects,  normotensive 


and  hypertensive,  of  35  years  or  older  was  sig¬ 
nificantly  higher  (P  <  .01)  than  that  for  sub¬ 
jects  less  than  35  years  of  age.  A  similar 
result  was  obtained  for  only  the  normotensives 
(P  <  .05). 

The  effect  of  aging  on  diastolic  pressure 
can  be  seen,  cross-sectionally,  in  table  II:  the 
older  individuals  had,  on  the  average,  a  higher 
diastolic  pressure  than  the  younger  men.  From 
table  III,  we  observed  that,  over  time,  or 
longitudinally,  the  average  increase  in  diastolic 
pressure  is  7.4  mm.  Hg  over  the  20-year  period. 
This  increase  is  similar  to  that  observed  by 
Oldham  et  al.  (7). 

Since  blood  pressure  increased  with  age  and 
Since  all  those  who  developed  hypertension  in 
1960  were  35  years  or  older  in  1940,  only  the 
62  subjects  35  years  and  older  were  usal  for 
further  comparison.  The  hypertensives  had 
a  mean  cold  pressor  index  of  15.0  mm.  Hg  (S.E., 
2.41),  which  is  significantly  higher  (P  <  .05) 
than  the  mean  for  normotensives  of  9.8  (S.E., 
0.69).  The  1940  mean  diastolic  pressure  of 
those  developing  h3rpertension  was  77.8,  sig¬ 
nificantly  higher  (P  <  .05)  than  the  1940  mean 
diastolic  pressure  of  72.2  for  normotensives. 
For  the  normotensives,  however,  the  1960 
diastolic  and  systolic  pressures  were  not  corre¬ 
lated  with  the  cold  pressor  index. 

With  systolic  increase  of  21  mm.  Hg  or 
more  used  as  the  criterion  for  hyperreactivity, 
no  significant  association  between  test  results 
and  hypertension  can  be  demonstrated.  Nor 
can  any  strong  association  be  demonstrated  if 
one  uses  cutoffs  of  17,  15,  or  13  mm.  Hg  for 
hyperreactors.  However,  if  the  cutting  point 
is  dropped  to  10,  then  at  least  for  these  data, 
there  is  a  significant  association  between  an 
index  of  10  or  more  and  the  development  of 
hypertension  (P  <  .06). 

Although  a  significant  statistical  difference 
was  demonstrated  between  the  mean  index  of 
those  who  became  hypertensive  and  the  mean 
index  of  those  who  remained  normotensive,  the 
association  between  the  index  and  the  develop¬ 
ment  of  hypertension  is  not  of  sufficient 
strength  to  recommend  its  use  as  a  predictor 
of  future  hypertension. 
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